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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device 

using a semiconductor ?lm having a crystalline structure, 
and to a method of manufacturing the semiconductor device. 
More speci?cally, the present invention relates to a semi 
conductor device having a thin ?lm transistor (TFT) con 
taining an active layer having a channel forming region, a 
source region, and a drain region from a semiconductor ?lm 
having a crystalline structure, and a method of manufactur 
ing the semiconductor device. 

2. Description of the Related Art 
Liquid crystal display devices have Widened the market 

place With their advantages of loW electric poWer consump 
tion and space conservation, and have ?nally reached the 
point of substituting for CRTs as televisions used daily in 
households. As such, bright display at high de?nition equal 
to or better than that of CRTs, and a price comparable to that 
of CRTs, are sought for liquid crystal display devices. 
Demanded of TFTs formed in pixel portions of liquid 

crystal display devices in general use as displays (display 
devices) is mainly a loW oif current (electric current ?oWing 
When the TFTs are in an off operation state). Even a slight 
leak of the off current in an off operation state of the TFT 
invites a reduction in contrast and in image quality. There 
has been a problem With TFTs containing active layers 
having a crystalline structure, Which are recently used more 
and more due to their high ?eld e?cect mobility, in that the 
off current becomes large. 
An LDD (lightly doped drain) structure is knoWn as a 

technique of suppressing the off current. In Japanese patent 
#3072655 (structure shoWn in FIG. 2A), a structure is 
disclosed in Which a ?rst transistor and a second transistor 
are connected in series, sandWiching a loW concentration 
impurity region (double gate structure having a loW con 
centration impurity region sandWiched by channel forming 
regions). 

The demand for making liquid crystal display devices 
have higher de?nition is met by increasing the number of 
pixels, and the demand for higher brightness is met by 
increasing the aperture ratio. Screen size is determined by 
standards, and therefore it is necessary to increase the 
number of pixels Within a limited pixel surface area. This 
means that the pixel size must be shrunk, and that a 
technique for further increasing the aperture ratio must be 
achieved While reducing the pixel size. There are limitations 
on making the Wiring Width narroWer for increase of the 
aperture ratio, considering problems such as a rise of the 
Wiring resistance. Thus, making the size of sWitching TFTs 
Within the pixels smaller can be considered. 

Further, the size of storage capacitors can be made smaller 
provided that the off current of the sWitching TFTs of the 
pixels can be made smaller. Therefore, it is very important 
to make TFTs having a loW oif current in order to addition 
ally increase the aperture ratio. 

HoWever, the characteristics required by the circuits used 
on the same substrate are different. It is necessary to make 
TFTs having different structures depending upon Which 
circuit they are used for. TFTs are manufactured by lami 
nation While performing steps for etching semiconductor 
?lms, insulating ?lms, and conductive ?lms into predeter 
mined shapes using photomasks. Therefore, if the TFT 
structure is optimized according to the requirements of the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
pixel portion or each driver circuit, then the number of 
photomasks simply increases, the manufacturing processes 
become complex, and the number of process steps inevitably 
increases. Further, TFTs having a suf?ciently loW oif current 
cannot be manufactured even if small TFTs are manufac 
tured in order to increase the aperture ratio in the pixel 
portion, and the reliability drops. It is not easy to manufac 
ture the desired display device (semiconductor device). 

SUMMARY OF THE INVENTION 

With the aim of solving these problems, an object of the 
present invention is to provide a TFT having a loW oif 
current at a small pixel size (small TFT size), and to provide 
a technique for achieving optimal TFT structures for the 
driving conditions of a pixel portion and driver circuits by 
using a small number of photomasks. 

Further, an object of the present invention is to provide a 
technique of making different TFTs, having a loW off current 
and having TFT structures optimal for the driving conditions 
of a pixel portion and driver circuits, Without increasing the 
number of manufacturing processes or the production costs. 
A semiconductor device according to the present inven 

tion is characterized by comprising: a semiconductor layer; 
a gate insulating ?lm formed on the semiconductor layer; 
and a gate electrode formed on the gate insulating ?lm, in 
Which: the semiconductor layer has a channel forming 
region, a region containing a ?rst concentration impurity 
element, a region containing a second concentration impu 
rity element, and a region containing a third concentration 
impurity element; the gate electrode is a laminate of an 
electrode (A) and an electrode (B); and one edge portion of 
the electrode (A) overlaps With the region containing the 
second concentration impurity element, through the gate 
insulating ?lm, and another edge portion of the electrode (A) 
overlaps With the channel forming region, through the gate 
insulating ?lm. 

Further, a semiconductor device according to the present 
invention is characterized by comprising: a semiconductor 
layer; a gate insulating ?lm formed on the semiconductor 
layer; a ?rst gate electrode formed on the gate insulating 
?lm; and a second gate electrode formed on the gate 
insulating ?lm, in Which: the semiconductor layer has a 
channel forming region, a region containing a ?rst concen 
tration impurity element, a region containing a second 
concentration impurity element, and a region containing a 
third concentration impurity element; the ?rst gate electrode 
and the second gate electrode are laminates of an electrode 
(A) and an electrode (B); one edge portion of the ?rst 
electrode overlaps With the region containing the second 
concentration impurity element, through the gate insulating 
?lm, and another edge portion of the ?rst electrode overlaps 
With the channel forming region, through the gate insulating 
?lm; and the region containing the third concentration 
impurity element exists betWeen: the region containing the 
second concentration impurity element and overlapping 
With the electrode (A) of the ?rst gate electrode; and the 
region containing the second concentration impurity ele 
ment and overlapping With the electrode (A) of the second 
gate electrode. 

Further, a semiconductor device according to the present 
invention is characterized by comprising: a semiconductor 
layer; a gate insulating ?lm formed on the semiconductor 
layer; a ?rst gate electrode formed on the gate insulating 
?lm; and a second gate electrode formed on the gate 
insulating ?lm, in Which: the semiconductor layer has a 
channel forming region, a region containing a ?rst concen 
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tration impurity element, a region containing a second 
concentration impurity element, and a region containing a 
third concentration impurity element; the ?rst gate electrode 
and the second gate electrode are laminates of an electrode 
(A) and an electrode (B); one edge portion of the electrode 
(A) overlaps With the region containing the second concen 
tration impurity element, through the gate insulating ?lm, 
and the other edge portion of the electrode (A) overlaps With 
the channel forming region, through the gate insulating ?lm; 
the channel forming region is sandWiched betWeen an n-type 
impurity region containing a ?rst concentration of an n-type 
impurity element, and an n-type impurity region containing 
a second concentration of the n-type impurity element; an 
n-type impurity region containing a third concentration of 
the n-type impurity element exists adjacent to the n-type 
impurity region containing the ?rst concentration of the 
n-type impurity element, and an n-type impurity region 
containing the third concentration of the n-type impurity 
element exists adjacent to the n-type impurity region con 
taining the second concentration of the n-type impurity 
element; the region containing the third concentration impu 
rity element exists betWeen: the region containing the sec 
ond concentration impurity element and overlapping With 
the electrode (A) of the ?rst gate electrode; and the region 
containing the second concentration impurity element and 
overlapping With the electrode (A) of the second gate 
electrode; and the n-type impurity region containing the 
third concentration impurity element, adjacent to the n-type 
impurity region containing the ?rst concentration impurity 
element, functions as a source region or a drain region. 

Further, according to the present invention, the above 
mentioned semiconductor device is characterized in that: the 
region containing the ?rst concentration impurity element 
contains the n-type impurity element at a concentration of 
1x10 to l><l017/cm3; the region containing the second 
concentration impurity element contains the n-type impurity 
element at a concentration of l><l0l7 to l><l019/cm3; and the 
region containing the third concentration impurity element 
contains the n-type impurity element at a concentration of 
1x10 to l><l02l/cm3. 

Further, according to the present invention, the above 
mentioned semiconductor device is characterized in that: the 
electrode (A) is: a conductive ?lm made from an element 
selected from the group consisting of W, Mo, Ta, and Ti; a 
conductive ?lm made from a chemical compound having 
one of the elements as its main constituent; or a conductive 
?lm made from an alloy having one of the elements as its 
main constituent. 

The semiconductor device disclosed by the present inven 
tion has a region Which contains a second concentration 
impurity element and Which overlaps With a gate electrode 
through a gate insulating ?lm, and an impurity region Which 
contains a ?rst concentration impurity element and Which 
does not overlap With the gate electrode. The region con 
taining the second concentration impurity element has an 
impurity region (Loif region) Which contains the ?rst con 
centration impurity element and Which does not overlap With 
the gate electrode. By possessing this Lolf region, the Width 
of the energy barrier of PN junctions formed Within the 
semiconductor layer becomes broader, the electric ?eld 
strength added to the PN junction portions becomes Weaker, 
and the off current can be reduced. Further, by having the 
impurity region (Lov region) Which contains the second 
concentration of the impurity and Which overlaps With the 
gate electrode through the gate insulating ?lm, this becomes 
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4 
a structure in Which on current degradation is prevented. A 
semiconductor device having high reliability can therefore 
be obtained. 
A method of manufacturing the aforementioned semicon 

ductor device (TFT) is characterized by comprising the steps 
of: 

forming a ?rst semiconductor layer, a second semicon 
ductor layer, a third semiconductor layer, and a fourth 
semiconductor layer on an insulating surface; 

forming a gate insulating ?lm on the ?rst through the 
fourth semiconductor layers; 

forming a ?rst conductive ?lm and a second conductive 
?lm on the gate insulating ?lm; 

etching the ?rst conductive ?lm and the second conduc 
tive ?lm, forming a ?rst shape gate electrode, composed of 
a ?rst electrode and a second electrode, on the ?rst through 
the fourth semiconductor layers; 

etching the ?rst electrode and the second electrode, form 
ing a second shape gate electrode, composed of a third 
electrode and a fourth electrode; 

adding an n-type impurity element to the ?rst through the 
fourth semiconductor layers in a self aligning manner, With 
the second shape gate electrode as a mask, forming an n-type 
impurity region containing a ?rst concentration of the n-type 
impurity element; 

forming a ?rst mask covering all of the second semicon 
ductor layer and all of the fourth semiconductor layer, and 
forming a second mask covering a portion of the third 
semiconductor layer; 

forming a second concentration impurity region, and an 
n-type impurity region containing a third concentration of 
the n-type impurity element, in the ?rst semiconductor layer, 
through the third electrode, With the fourth electrode on the 
?rst semiconductor layer as a mask; and 

forming an n-type impurity region containing a second 
concentration of the n-type impurity element, and an n-type 
impurity region containing the third concentration of the 
n-type impurity element, in the third semiconductor layer, 
through the third electrode, With the fourth electrode and the 
second mask as masks. 
TFTs meeting the demands of different circuits can thus 

be formed separately on the same substrate Without increas 
ing the number of manufacturing process steps and Without 
increasing production costs. Thus, a semiconductor device 
having a loW off current and high reliability can be manu 
factured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIGS. 1A and 1B are diagrams shoWing a semiconductor 

device of the present invention, and the electrical charac 
teristics of the semiconductor device, respectively; 

FIGS. 2A and 2B are diagrams shoWing the structure of 
an example of a conventional semiconductor device, and the 
electrical characteristics of the conventional semiconductor 
device, respectively; 

FIGS. 3A to 3C are diagrams shoWing a manufacturing 
process of a semiconductor device of the present invention; 

FIGS. 4A to 4C are diagrams shoWing the manufacturing 
process of a semiconductor device of the present invention; 

FIGS. 5A to 5C are diagrams shoWing the manufacturing 
process of a semiconductor device of the present invention; 

FIGS. 6A to 6C are diagrams shoWing an example of an 
embodiment of the present invention; 

FIGS. 7A to 7E are diagrams shoWing an example of an 
embodiment of the present invention; 






















